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Just like any particle, light can also carry momentum

In addition to linear momentum, light also carries angular momentum

Circular pc Conservation of angular momentum

Transverse ve Beth’s experiments showed that light’s angular
circularly polarise momentum exerted a torque on matter.
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Assume two values: rig  Can a circularly polarised laser driver exert a
left handed (spin -1)| torque on relativistic electrons which in turn will
produce circularly polarised x-rays?
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OSIRIS 3.0
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Helical betatron trajectories can lead to
circularly polarised x-rays

JRa Polarisation from relativistic charges
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e Massively parallel mlapthﬁahefﬁe?m:d)eanj electron.

e Space and time resolved spectra and
total power 1
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J- L. Martins et al Proc. of &dtl#om phase approximation:
7359,73590V (2009) | L.O.Silva et al Phys. Rev. E 59,2273 (1999)
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The angular momentum of light can exert a torque on
relativistic plasma electrons

lonisation injection with DLA

3D OSIRIS simulation with a mixture of Helium with Nitrogen
34

== I I =] I It I 5 e e ] sl ) | I

Gas: ~99%He + ~1%N circularly polarised laser
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The laser modulates the outer Nitrogen shell electrons
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DLA leads to helical bunch currents and trajectories

e's respond to laser polarisation
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DLA leads to helical bunch currents and trajectories

e's respond to la

Reversed polarisation direction

z-ct [c/a

Helical spati

lllllllll/llllllllll

200 300 4
z [c/

z-ct [c/wp]

150

~
(03]

Energy [m, c?]

J Vieira et al, submitted (2016)

Jorge Vieira | Workshop High Energy Density Science | January 20,2016



Betatron x-ray polarisation can be adjusted

by driver polarisation

Circularly polarised x-rays Polarisation control
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We may be able to control the spin angular
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The orbital angular momentum of light is an unexplored degree of

freedom for laser-plasma interactions

Production and amplification of OAM lasers in plasmas: |.Vieira, R.Trines et al Nat. Comms, accepted (2016)

Helical wavefronts
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Donut-shaped intensity profiles

Transverse slice of laser envelope

Applications
* Astrophysics
* Ultrafast optical communications
* Nano particle manipulation
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Laguerre-Gaussian lasers drive doughnut plasma waves
in strongly non-linear regimes

Linear doughnut wakefields J1ghnut bubbles

Laguerre-
Gaussian laser

doughnut plasma
wave

«0

J.T. Mendonga and ].Vieira, PoP 21,033107 (2014) a PRL 112,215001 (2014)
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The onset of positron focusing and acceleration occurs when

the inner sheath of the doughnut bubble merges on-axis

Onset of positron focusing e+ can accelerate at doughnut front
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Similar physics when using linear combinations of TEM
modes: L.=L. Yu, C.B. Schroeder et al. PoP 21,
120702 (2014)

Accelerating electric field

Jorge Vieira | Workshop High Energy Density Science | January 20,2016



3D simulations show positron acceleration in
strongly non-linear regimes

e+ bunch is quasi mono energetic

3D simulation of e+ acceleration
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All-optical radiation reaction configuration

Identifying radiation reaction signatures in electron beam spectrum

laser wakefield accelerator in
bubble regime second laser
1 ~ 102! W/cm?2

-_—

il X-ray ( y-ray )
s detector

T | accelerated
-" electrons

M.Vranic et al, PRL |13, 1348001 (2014)
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Head-on collision in 3D with radiation reaction

LWFA electrons (I GeV) lose energy in the interaction with an intense laser (102! W/cm?)

Time = 23138.96 [ 1/ o, |

self - injected
electrons

electron
energy

M.Vranic et al, PRL |13, 1348001(2014)
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~40% energy loss for | GeV beam at 10?%' W/cm?

Radiation reaction can be tested with state-of-the-art lasers in this configuration

3D full-scale parameter scan
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Pairs can be produced already at y = 0.6

~ 200 pairs obtained per |1 000 000 interacting electrons

Parameters

laser | ~ 2x102! W/cm?,30 fs, | um
electron initial energy ~ 3 GeV
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3D OSIRIS QED - colliding laser cascades at y = |

T. Grismayer, M.Vranic

m Double clockwise Clockwise=-anti clockwise
O positron O positron

= ap= 1000, A = | um, o photon O photon
= T=30fs, Wo=5um

@ electron @ electron

Particles remain in the Particles explore the whole Particles rotate mainly
X;=X2 plane space in the x2-Xx3 plane
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QED cascades - from the seed to full laser absorption

Analytical growth rate model + 3D full Laser absorption via QED cascades
scale parameter scan absorption model + 2D, 3D sim.
T. Grismayer, M.Vranic et.al, T. Grismayer; M.Vranic et.al,
Submitted to PRL, Submitted to POP (APS invited paper),
ArXiv: 1511.07503 ArXiv: 1512.05174
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Conclusions

Betatron radiation polarisation control

* Circular/elliptical polarisation can be produced
in the x-rays

* Level of polarisation controlled by laser driver
polarisation

e Could be tested from Phase | onwards

Twisted lasers for LWFA

* Production of exotic particle beams
with non-trivial dynamics

* High gradient positron acceleration
Could be tested in phase |

High field physics
 Radiation reaction can be observed with
today’s lasers

* Pair production can be achieved with BELLA-
| parameters

e Could be tested in Phase 1I-1l1
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